We consider a cosmological domain wall model where the dark matter interacts nongravitationally with the walls. We find that the dark matter is quickly {as early as z = 100}swept up in wakes and voids, with the wakes growing with time in a self-similar manner. The dark matter wakes, of order 5h Mpc thick today, tug on the baryons, which also trail behind in wakes of similar thickness. We find that the peculiar motions induced are of the order of a few hundred km/s, coherent on a scale of order 20h
I. INTRODUCTION
One of the most interesting unsolved problems of modern cosmology is the formation of structure and the growth of clustering, especially on very large scales. Recent surveys have found statistical correlations between galaxies, even up to scales as large as 40h ' Mpc [1] .
The "pencil beam" deep surveys appear to find numerous walls of galaxies, at typical intervals of 50 -100h ' Mpc [2] . Structures on scales bigger than 10h ' Mpc are very difficult to incorporate in the simplest version of the cold dark matter (CDM) model [3] , which involves the growth, via gravitational instability, of primordial adiabatic perturbations with a scale-invariant power-law spectrum.
An independent problem facing any perturbation model is the very low experimental upper limit to the cosmic microwave background radiation (CMBR) temperature fluctuations at the 1' angular scale, found by the MAX group [4] to be b, T/T (3X 10 . This angular scale corresponds roughly to a 100h ' Mpc comoving scale, at recombination.
In the framework of perturbation models, it is difficult to obtain the observed galaxy correlations at large scales, given the small value of density Auctuations inferred from the CMBR distortion limits. Furthermore, the peculiar velocity field, again on scales of about 50 -100h ' Mpc, seems to be inconsistent with the standard CDM model [5] .
In recent years, an alternative class of models for galaxy and structure formation has been developed, based on topological defects, which arise from a cosmological phase transition. One of these is the cosmic strings model. Strings, arising from a phase transition at the grand unified theory (GUT) energy scale, would indeed have the right range of energy density, although not necessarily the right dynamics, to act gravitationally on the surrounding matter, generating matter inhomogeneities and collapse [6] . Recently, textures have also been studied extensively [7] .
Phase transitions can also produce domain walls.
However, if the transition takes place at high-energy scales, such as the GUT, the electroweak, or the quarkhadron phase transition scales, domain walls are a disaster from a cosmological point of view. Their energy density is far too big and dominates the present energy density of the Universe. There are many reasons why that cannot be true [8] . Domain walls can work, however, in the context of late-time phase transitions. In the schizon model [9] , for example, domain walls can arise from a phase transition taking place weH after primordial nucleosynthesis. Their energy density could be small enough to be consistent with the CMBR observations. However, the topic of a natural particle physics model generating a late-time phase transition is far from settled. Our view is that, before comparing detailed Lagrangian models, one should ensure that domain walls can be of any interest from a dynamical point of view. In fact, the simplest domain wall models fail to generate large-scale structure, since the typical interwall distance, or network scale, grows too rapidly with the horizon [10, 11] . Domain walls do become cosmologically interesting when some nongraUitationa/ interaction between these defects and the dark matter is introduced in the study of wall dynamics. The general issue of wall-particle interaction was discussed, for example, by Everett and by Kibble [12] , but not in connection with late-tiine phase transitions. This interaction can occur because of a Lagrangian coupling term between the field associated with the domain walls and other fields. This sort of coupling is commonly present both in axion models, e.g. , Huang and Sikivie [13] ,and the schizon models mentioned above.
Reference [14] gives a more specific discussion of the dynamical implications of wall-particle interaction for walls arising during late-time phase transitions. There, a wall-matter coupling of Yukawa type is assumed, in analogy with axion and schizon models. Reference [14] [16] . The CMBR distortions produced by the gravitational effects of walls and wakes are small, consistent with the present limits and observations [17] . [14] . For example, if the refiection coefficient is unity, one can identify two friction regimes.
(1) "Hot" gas regime In this cas.e, the wall moves through the dark matter with a speed v much smaller than the average thermal speed of the particles, v « v,h.
The average momentum exchange is Ap -T. The wall collides with the matter at almost equal rates from both sides, and the differential collision rate between the back and the front of the wall is -T v. Therefore, PI--vT .
The motion of the wall causes an overdensity in front of it, but the differential of particle density between the back and the front of the wall is small, namely, 5p/p -v /U, h.
(2) "Cold" gas regimes. It takes place when U ))U,h. We now brieAy discuss the modification to the value of the constant K in Eq. (2) , due to the multiple collision effect we mentioned in Sec. II. We performed a preliminary run choosing a constant wall speed v, and we studied the formation of the dark matter wake. The particles are rejected and gain momentum, only to lose it gradually due to the universal expansion. Eventually they are reAected again, but their speed relative to the wall at the second collision is smaller. Collision after collision, the particle layers gain less momentum and their speed tends to that of the wall. The density profile reaches a scaling regime, as already predicted in Ref. [17] . The value of IC rapidly converges to %=2. 7, as the wake reaches the scaling regime. From Eq. (2) , it is therefore clear that the modification to the wall speed due to this effect is small, namely, 6v /v = 15%.
As a check of the numerical code, we compared the thickness of the dark matter wake to the analytical estimate we had presented in Ref. [17] . The wake is onesixth of the void left behind, in good agreement with the previous estimate. The scaling behavior of the dark matter density profile is also a good indicator of the validity of our code. 
